What are the origins of humans' capacity to represent social relations? We approached this question by studying human infants' understanding of social dominance as a stable relation. We presented infants with interactions between animated agents in conflict situations. Studies 1 and 2 targeted expectations of stability of social dominance. They revealed that 15-mo-olds (and, to a lesser extent, 12-mo-olds) expect an asymmetric relationship between two agents to remain stable from one conflict to another. To do so, infants need to infer that one of the agents (the dominant) will consistently prevail when her goals conflict with those of the other (the subordinate). Study 3 and 4 targeted the format of infants' representation of social dominance. In these studies, we found that 12-and 15-mo-olds did not extend their expectations of dominance to unobserved relationships, even when they could have been established by transitive inference. These results suggest that infants' expectation of stability originates from their representation of social dominance as a relationship between two agents rather than as an individual property. Infants' demonstrated understanding of social dominance reflects the cognitive underpinning of humans' capacity to represent social relations, which may be evolutionarily ancient, and may be shared with nonhuman species.
What are the origins of humans' capacity to represent social relations? We approached this question by studying human infants' understanding of social dominance as a stable relation. We presented infants with interactions between animated agents in conflict situations. Studies 1 and 2 targeted expectations of stability of social dominance. They revealed that 15-mo-olds (and, to a lesser extent, 12-mo-olds) expect an asymmetric relationship between two agents to remain stable from one conflict to another. To do so, infants need to infer that one of the agents (the dominant) will consistently prevail when her goals conflict with those of the other (the subordinate). Study 3 and 4 targeted the format of infants' representation of social dominance. In these studies, we found that 12-and 15-mo-olds did not extend their expectations of dominance to unobserved relationships, even when they could have been established by transitive inference. These results suggest that infants' expectation of stability originates from their representation of social dominance as a relationship between two agents rather than as an individual property. Infants' demonstrated understanding of social dominance reflects the cognitive underpinning of humans' capacity to represent social relations, which may be evolutionarily ancient, and may be shared with nonhuman species.
cognitive development | naïve sociology | human evolution | social cognition | relational reasoning S ocial relations have two key properties that distinguish them from other social entities. First, unlike social interactions, relations are stable across relatively long time periods and variable situations (1) . Second, unlike individual dispositions, such as traits, relations apply over at least two individuals. We report four studies that investigated these two key properties in human infants' representation of social dominance. Studies 1 and 2 focused on infants' expectation of social dominance's stability across time and situations. Studies 3 and 4 focused on whether infants represent social dominance as an individual property or as a relation.
In line with other approaches in biology (2), cognitive science (3), and social sciences (4), we define dominance as the tendency to prevail when one's goals conflict with those of another agent. The goals of two agents "conflict" when the fulfillment of the goal of one of the agents would prevent the other agent from fulfilling her goal. For example, if individuals A and B both aim to acquire a resource, but only one of them can get it, then their goals conflict. Note also that the notion of "general tendency to prevail" does not specify the source of this capacity, and may map to notions, like "power" (4-6) or "social status" (7) in the literature. Dominance relations are characteristic to many animal species that live in social groups. In some species of nonhuman primates and in humans, individuals not only track who is dominant or subordinate to them, but also recognize the dominance relations of others. This capacity may appear early in human's ontogeny and phylogeny (3, 8, 9) .
Assumptions of stability are likely to play a crucial role in the monitoring of others' dominance relations. They allow for (i) extracting dominance relations by observing social interactions, and (ii) applying dominance relations across situations. (i) Dominance relationships can be established on the basis of various cues (e.g., size, posture, physical aggression, age, and dominance and submission displays in nonhuman primates). These cues have some diagnostic value because they are causally related, in some way or another, to the capacity to prevail when two or more agents' goals conflict. Another way to infer dominance relations is simply to look for its direct manifestations, by monitoring who prevails when two agents have conflicting goals. In these cases, the observation of a given interaction is used to infer a stable social relation. This type of process is likely to be important to assess the validity of cues of dominance. For example, in nonhuman primates, cues such as size or age are sometimes misleading, because young and small individuals may achieve a high dominance position through their social alliances (2, 8) . Tracking who prevails when agents have conflicting goals may provide more reliable information about dominance relations than agents' size or age in the long term. (ii) To use social relationships efficiently, one also has to have expectations about their effect on social interactions. Forming these expectations for novel situations entails the assumption of stability through time, and consistency across situations, of dominance relationships.
Studies 1 and 2 tested whether human infants (i) track which individuals prevail against others in the face of conflicting goals, and (ii) use this knowledge as a basis for inferences about the outcomes of future conflicts. We hypothesized that infants' understanding of goal-directed actions might be sufficient to identify situations in which agents' goals conflict: Infants can predict actions on the basis of goals and have some understanding of constraints limiting agents' actions (10). They also have some sensitivity to agents' failures in achieving their goals (11) . These abilities might allow infants to track who prevails when the goals of two agents conflict.
Studies 3 and 4 investigated the format of infants' representation of social dominance. The format of a representation specifies how the information it represents is rendered, meaning what aspects of the information are made explicit in the representation. It determines what stands for what (e.g., specifying a set of symbols and a set of rules for combining these symbols). These studies thus focused on what may be described as the algorithmic level (12) or syntactic aspects (13) of dominance processing.
There are two likely candidates for the representational format of social dominance. It may be treated as a (i) stable individual property organized on an ordered scale, similar to the ones one may use to measure height, for example. In this view, a dominance level would be attached to each individual, and the dominance relation between two agents can be directly read off this scale by comparing their ranks. Alternatively, dominance may be represented as a (ii) relationship, organized into pairs of agents with a directed, asymmetric relation between them. In this view, representations of dominance would apply over at least two individuals, and to the nature of the relation that unites them.
In all studies, infants watched computer animations of interacting geometrical figures to make sure that no familiarity with the agents or with their behavior could be used to assess dominance relationships. Rather, infants had to rely on the agents' relative success and failure in goal-directed actions during a conflict situation. Moreover, we used a test in which two agents had conflicting goals (both wanted the same object), but did not engage in an actual physical conflict or in a direct competition for that object. Rather, one agent took the object, and the other one "let" her obtain it. As a result, our test did not simply display a situation in which one individual outcompeted the other. It is rather that the dominant prevailed and the subordinate deferred without the two of them engaging in genuine competition (see e.g., refs. 2 and 14).
Study 1
We presented 9-and 12-mo-old infants with short animations depicting the actions of two agents. First, the "subordinate" agent was seen collecting small objects. Then the "dominant" agent entered and started to collect objects while the subordinate one let it succeed (Movie S1). This familiarization demonstrated who prevailed when the two agents' goals conflicted. During the test, the same agents collected objects of a new type, first alone, then competing for the same one. In the "coherent" test movie, the dominant agent took the last object while the subordinate agent backed off; in the "incoherent" test movie, the roles were reversed. Infants' looking time at the screen was measured from the moment when one of the agents took the last object (Movie S2). The results of studies 1-4 are reported in Fig. 1 .
A three-way ANOVA was performed on looking times with within-subject factor of test coherence (coherent vs. incoherent) and between-subject factors of age (9-vs. 12-mo-old) and order of test trials. A main effect of age was found [F (1, 28) = 5.82, P = 0.023]: 9-mo-olds looked overall longer at the test movies than 12-mo-olds. We also obtained a main effect of order [F (1, 28) = 6.09, P = 0.02] as infants looked overall longer at the tests when the incoherent movie was presented first than when the coherent movie was presented first. More central to our research question, a significant interaction between age and test coherence [F (1, 28) = 9.2, P = 0.005] indicated that 9-and 12-mo-olds reactions to the tests' coherence differed from each other. Planned follow-up tests indicated that consistency between familiarizations and test movies had no significant effect on 9-mo-olds' looking times [19.95 vs. 17 .98 s; t (15) = 1.1, P = 0.288; P = 0.44 by Wilcoxon signed ranks test]. In contrast, 12-mo-olds looked significantly longer at the incoherent than at the coherent test movies [9.67 vs. 14.01 s; t (15) = 3.49, P = 0.003; P = 0.017 by Wilcoxon signed ranks test].
These results demonstrate that 12-mo-olds, but not 9-mo-olds, expect that the agent who prevailed against a certain opponent when getting one kind of object should succeed again in obtaining a novel kind of object. The interpretation of the negative results with 9-mo-olds can only be tentative. Interestingly, in studies of infants' use of size to infer dominance relationships (3), a similar developmental pattern was found: Infants performed above chance only from the age of 10 mo. More generally, in studies on infants' expectations about social interactions, no positive result was found before 9 mo of age (15) (16) (17) . At the moment, it is unclear whether young infants fail in these tasks for methodological reasons, or because they lack the capacity to track individuals (18) or to process social relationships. It is nonetheless noteworthy that the available evidence points toward a development of the capacity to track social relationships when children start locomoting autonomously, hence may begin to interact more with people who are not their caregivers.
Twelve-month-olds' success in study 1 suggests that they attribute some stability to the social relations between the observed agents, and this attribution survives certain situational changes. A simple association between objects and agents cannot explain 12-mo-olds' expectations because the objects used in the test and in the familiarization were different. However, because of the similarity between the familiarization and the test situations, infants may have used simple strategies. For example, they may have built up a rule such as "when agents A and B are present, agent A gets the object." Note that this type of rule processing would still allow infants to predict the outcome of conflicts in a restricted range of new situations. It would however, have a limited power of generalization. By investigating infants' capacity to form expectations for a completely new situation, in study 2 we controlled for the fact that infants might extract local rules to predict the outcome of conflicts.
Study 2
Twelve-and 15-mo-old infants watched familiarization events in which the agents did not collect objects but competed to stay in Fig. 1 . Mean looking time (SEM) to the incoherent and to the coherent test events per group and per study. a little area, the boundaries of which were delimited by walls. First, the subordinate agent entered the area alone. Then the dominant agent arrived and monopolized the little area by repeatedly pushing the subordinate agent away (Movie S3). Infants then watched the same test movies as in study 1.
A three-way (coherence, age, and order of test trials) ANOVA on the looking times did not reveal any main effect or interaction. However, planned tests revealed distinct patterns in each age group. Twelve-month-olds did not look significantly longer at the incoherent than at the coherent test movies [13.48 vs. 14.84 s; t (15) = 0.232, P = 0.82; P = 0.92 by Wilcoxon signed ranks test], whereas 15-mo-olds did [12.66 vs. 19 .47 s; t (15) = 2.36, P = 0.032; P = 0.028 by Wilcoxon signed ranks test].
Although 12-mo-olds display some expectations of stable social relations in conditions that require very little generalization (study 1), they do not extend their expectations across two completely different kinds of situations (study 2). Their difficulties can be explained in many ways: limited powers of generalization, difficulties in determining the agents' goals during test, or a need for more evidence to generalize dominance from one situation to a different one. Our data cannot distinguish among these accounts.
In contrast, 15-mo-olds form expectations from one situation and apply them to a completely different one. This result suggests that 15-mo-olds (i) recognize and memorize who prevailed when two individuals had conflicting goals, and (ii) use this information to predict the outcome of future interaction. (i) Fifteen-month-olds' recognition of dominance relationships in study 2 is noteworthy for several reasons. First, it suggests that infants can extract dominance relationships on the basis of social interaction alone, in the absence of stable physical differences that may be used to establish dominance relationships such as size or age (for similar results in nonhuman animals, see refs. 19 and 20) . Second, in our study, agents do not display any behavior that may intentionally communicate or may have evolved to signal dominance relationships (such as dominance or submission displays). Rather, it is likely that infants use the outcome of the observed conflict situation to establish the dominance relationship between agents. To track who prevails, 15-mo-olds need to process the completion of goals by assessing the match between attributed goals and what they observe. (ii) Fifteenmonth-olds form expectations on the basis of the social relationships evidenced during familiarization. Importantly, in the test of study 2, 15-mo-olds recognize the conflict between agents' goals, even if there is no physical conflict or signal of aggression. This capacity may be important in real social interactions. In many situations in which people's goals conflict, no physical violence is involved (e.g., from preschool age, many of these situations are negotiated through communication; ref. 21) . Moreover, the test of study 2 did not measure infants' expectation of a stereotypical response from the dominant (aggression) or from the subordinate agent (signal of subordination, flight). Rather it required the ability to process the particular goals that the two agents were trying to achieve.
The results of study 2 thus suggest that 15-mo-old infants represent social dominance in an abstract manner, allowing them to generalize their expectations from one situation to another. Two types of representational format would enable infants to perform this type of generalization. One possibility is that infants represent dominance as a stable individual property of agents (e.g., "agent A is dominant," "agent B is not dominant"). In this case, after observing agent A being dominant over agent B, infants may come to expect that A may be dominant over another, unknown agent, C, by virtue of A's individual properties. Alternatively, infants may represent dominance as a relationship characteristic to a particular pair of agents (e.g., "A is dominant over B"). According to this second hypothesis, expectations of dominance should be modulated by whom the agent is confronted. In this view, after observing A being dominant over B, infants should not extend their expectations of dominance when A is facing a novel, unknown agent C, because they would not know the nature of the relations between A and C. Study 3 was designed to distinguish between these two possibilities.
Study 3
We tested 12-and 15-mo-old infants in procedures similar to the ones in which they discriminated coherent and incoherent tests above chance level. Twelve-month-olds were tested with a procedure similar to the one of study 1, and 15-month-olds were tested with a procedure similar to the one of study 2. The only difference from the previous studies was that in study 3, the subordinate agent of the familiarization was replaced by a new agent during the test (Movies S4 and S5). For example, if an infant saw a blue disk dominating a black pentagon in familiarization, (s)he then saw the blue disk facing a red triangle during the test. The agent who was dominant during familiarization remained dominant during the test (i.e., collected the last object) in the coherent sequences of movies, and deferred (i.e., let the new agent collect the last object) in the incoherent sequences of movies.
A three-way (coherence, age, order) ANOVA on the looking times did not yield any main effect or interaction. Moreover, planned tests indicated that 12-and 15-mo-olds did not significantly differentiate between the coherent and incoherent test movies [15.50 vs. 13.37 s; t (15) = 0.229, P = 0.82; P = 0.68 by Wilcoxon signed ranks test for 12-mo-olds; and 16.11 vs. 15.69 s; t (15) = 0.400, P = 0.695; P = 0.88 by Wilcoxon signed ranks test for 15 mo-olds]. To compare infants' performance in study 3 to studies 1 and 2, repeated-measures ANOVAs were performed with test coherence as a within-subject variable and familiarization movie type (study 1 vs. study 3 for 12-mo-olds, and study 2 vs. study 3 for 15-mo-olds) as a between-subject variable. These analyses showed no main effect of familiarization movie type on infants' looking time during the test, either for 12-mo-olds [F (1, 30) = 0.83, P = 0.37], or for 15-mo-olds [F (1, 30) = 0.001, P = 0.98], indicating that infants did not look significantly longer at the test movies involving only familiar agents (studies 1 and 2) than at test movies involving a new agent (study 3). However, we found a significant interaction between familiarization movie type and test coherence both for 12-mo-olds [F (1, 30) = 12.77, P = 0.001] and for 15-mo-olds [F (1, 30) = 4.3, P = 0.047]: Coherence had a stronger effect on infants' looking times when the previously dominant agent faced an agent that it dominated before (studies 1 and 2), than when it faced a novel agent (study 3).
Infants can form expectations about the test situation by tracking who prevailed in the familiarization (as shown by studies 1 and 2). However, they do not overextend their expectations to a new situation in which the dominant agent faces a new agent. This result raises the possibility that young infants might represent dominance as a social relation between two or more individuals rather than as an individual trait or property. Study 3 rules out the possibility that infants might attribute a universal disposition of dominance to the agent who prevails during the familiarization of studies 1 and 2. However, it does not rule out entirely the possibility that infants might represent dominance as an individual property. In particular, infants might attribute individual dominance ranks to agents and organize them on an ordered scale (such as an ordinal, interval, or a ratio scale). For example, during familiarization, infants might attribute a high level of dominance to the individual who prevails and a low level of dominance to the individual who is subordinate. The new individual, who has never been seen competing with another agent, might be seen as having an intermediate level of dominance, or her level of dominance might remain unknown. This hypothetical scenario would explain why infants develop expectations in the test when the previously dominant agent faces a previously subordinate agent (studies 1 and 2), but not when it faces a novel, unknown agent (study 3). In study 4, we controlled for this possibility.
Study 4
Animals and, arguably, humans form dominance structures that tend often to be linear, in the sense that the alpha individual dominates all of the others, the beta individual dominates all individuals but alpha, and so on (22) (23) (24) . Moreover, representing and memorizing power structures that have some degree of linearity may offer some cognitive benefits (25, 26) . Nonetheless, humans do not necessarily represent social dominance as an individual rank organized on an ordered scale. Ordered scales can only represent strictly linear dominance structures, which may lead to inaccuracies. In many animal species, including nonhuman primates, the linearity of dominance structures may vary depending on species, sex, group, or environment (e.g., refs. 27 and 28). In humans, similarly, there is a variety of social structures, some of which may entail dominance structures that depart from perfect linearity (29, 30) . We thus assume that humans may expect dominance structures to have some degree of linearity (and, thus, may expect dominance relations to have some degree of transitivity). However, this expectation of linearity need not be strict and absolute. If dominance was systematically represented as an individual property organized on an ordered scale, humans would have no choice but to represent dominance structures as strictly linear. Representing dominance as a relation offers more room for flexible representation of social dominance structures that depart from linearity. This hypothesis predicts that there are cases where humans represent that A is dominant over B, and B is dominant over C, without necessarily assuming that A is dominant over C.
In study 4, infants were presented with two relationships: Agent A was subordinate to B, and B was subordinate to C. If infants represent dominance as an individual property organized on an ordered scale, they should construct a linear hierarchy with A at the bottom, B in the middle, and C at the top. In this view, infants' highest expectations should be found when the bottom-ranking individual (A) competes with the top-ranking individual (C). Alternatively, if infants treat dominance as a social relationship, they may track the relationships between A and B, and between B and C, without necessarily inferring any relationship between A and C (see also SI Discussion for more discussion of the computational consequences of representational formats).
We tested two groups of 15-mo-olds in a procedure similar to that of study 2. During familiarization, agent B monopolized access to a target area by pushing agent A away and then yielded the area to agent C (Movie S6). During the test, infants were presented with two agents competing for small objects. These two agents formed a familiar pair for one group of infants (A and B, or B and C; "familiar pair" condition) and an unfamiliar pair for the other group (A and C; "novel pair" condition).
A two-way ANOVA on looking times with test coherence (coherent vs. incoherent) as a within-subject factor, and test pair in the familiar pair condition (A and B vs. B and C) as a betweensubject factor showed no interaction between test coherence and test pair [F (1, 14) = 0.36, P = 0.56]. Thus, infants tested on the relation between the first pair of agents (A and B) and those tested on the second pair of agents (B and C) did not react differently to the coherence of the test. These two groups were then collapsed together into a single familiar pair condition. A threeway (coherence, condition, order) ANOVA yielded a main effect of order [F (1, 28) = 4.60, P = 0.041], suggesting that infants looked overall longer at the tests when the incoherent test was presented first. Moreover, there was a significant interaction between condition (familiar vs. novel pair), and test coherence [F (1, 28) = 4.40, P = 0.045], indicating that infants in the familiar-pair condition reacted more strongly to the coherence of the test than infants in the novel pair condition. Indeed, planned tests indicated that infants in the familiar-pair condition looked significantly longer at the incoherent than at the coherent test movies [15. Our results are inconsistent with the idea that infants represent dominance as an individual property organized on an ordered scale and derive their expectations by comparing individuals' dominance rank. If they had done so, infants' expectations should have been as strong (or stronger) for the novel pair condition (in which the difference between the agents' ranks would have been the largest) than for the familiar pair condition. The data significantly departed from this pattern, thus falsifying this hypothesis. Conversely, our results are consistent with the proposal that infants' representation of social dominance apply over pairs of agents. Thus, the results of studies 3 and 4 suggest that initially infants represent dominance as a set of relations between agents.
Our results are relevant for the study of representation of social structures, i.e., networks of relations involving at least three individuals. Infants' performance in the familiar-pair condition shows that 15-mo-olds have the capacity to memorize two relations simultaneously, even when one agent assumes a different role in each relation (B is dominant over A and subordinate to C). Conversely, our results say little about infants' capacity to transitively infer dominance relations. In study 4, we found no evidence of transitive inferences drawn from the relation between A and B, and between B and C, to a relation between A and C (see SI Discussion for more discussion of the relation between the capacity to draw transitive inferences and our data).
Discussion
The representation of social dominance in human infants evidenced by our results may be appropriately described as belonging to a "naïve sociology" (31) (32) (33) . It has a conceptual nature and, thus, forms part of an abstract representation of social life. It involves the representation of interactions and relations between goal-directed agents and not just of individual actions. It is represented using a particular format, as a relation between two agents, and not as an individual trait.
This concept posits entities that cannot be described by using a purely spatiotemporal or sensory vocabulary: social interactions such as conflicts between goals, or social roles such as dominant or subordinate. It also supports inferences that go well beyond what is perceived. In our studies, infants expect agents' relationships to remain stable, even when they no longer perceive the situations that allowed them to recognize the relationships. On the basis of these inferred relations, they form expectations that are abstract enough to be applicable to situations in which the conflicting goals are new.
Human infants' sensitivity to social dominance appears to be rooted in the naïve psychology of actions, because it appeals to the recognition of agency, goals, and actions. Nonetheless, infants expect that agents' tendency to prevail when their goals conflict with those of others has some stability across different goals. This property is characteristic of a social relationship and is hard to infer just by recognizing the individual goals of agents. Infants thus give a meaning to agents' interactions that goes beyond what can be established by merely determining what goals agents pursue. They recognize interactions and relations between goal-directed agents-entities that go beyond the mere understanding of individuals' goals. The precise content of this relation is yet to be determined: It can range from more or less specific notions of influence (such as "A's actions create constraints for B's actions"), to notions of prevalence (such as "A prevails over B"), or even to notions close to deference (such as "A gives way to B"). Whatever this precise content, it is "social" in the minimal sense that it includes some reference to the relation between two different goal-directed agents.
Infants' representation of dominance cannot be reduced to descriptions that include only one individual. In particular, infants' expectations of stability cannot be accounted for by attribution of individual competence, defined as the capacity of individuals to achieve their goals. Had infants performed such attribution, they should have expected agents' relations to be transitive in study 4. It thus seems likely that infants represent dominance as a relationship, and our results can be taken as evidence of attributions that characterize not individuals, but groups of individuals, and their interactions. Combined with studies on the representation of affiliation (34), these results thus suggest that by their second year of life, infants represent relations between pairs of individuals.
Whether the characteristics of humans' intuitions about social dominance identified here are also present in nonhuman primates is an important question for future research. The documented sensitivity to observed dominance relationships in many nonhuman primates species (8, 35) and in young infants raises the possibility that some of the mechanisms dealing with dominance may have evolved in common ancestors to human and presentday nonhuman primates and may be shared by nonhuman species.
In nonhuman animals, deference can have various sources, such as the threat of force, but also genes (when deferring to a kin), fertilizable eggs, or potential social support (2) . In humans, the range of sources of deference may be even wider, including almost everything that can serve to sanction or reward others: physical coercion, but also wealth, connections within social networks, valued knowledge, or skills. Additionally, humans may not only defer to others to avoid sanctions or gain rewards, but also because they think that submission is legitimate for moral or other reasons in the given context (36, 37) . How young humans come to understand these different sources of social dominance relations is an important question for future research.
Materials and Methods
Participants. For each study, we recruited 16 infants for each age group and condition (see SI Materials and Methods about excluded infants). In study 1, we had 9-mo-olds Stimuli and Procedure. We created animations depicting two kinds of goaldirected actions: collecting objects (used as familiarization in study 1 and for the 12-mo-olds in study 3) and occupying a small marked area (used as familiarization in all of the remaining conditions). The objects to be collected became available one-by-one, and the marked area had enough space for only one agent, so both situations presented a conflict when two agents wanted to achieve the same goal. The agents were colored geometrical figures (e.g., a blue circle, a red triangle, a black pentagon) with rudimentary facial features and were varied and counterbalanced across dominance roles and conditions. During familiarization, first the subordinate agent was seen achieving her goal three times before the dominant agent entered and succeeded in collecting the objects or in occupying the marked area three times while the subordinate agent withdrew.
The test phase was the same for all studies. First, the two contrasted agents were seen to achieve their goals (object collection in all studies) alone, and then both agents approached the same object, as if both wanted to obtain it. They stopped moving at the same distance of the object before touching it. Then, one of the agents took the object and pushed it to her side. The other agent simply moved back to her side without the object. From this point, the movie froze. In the coherent test movie, the agent who was dominant (or may have been thought of as dominant) in the familiarization took the last object. In the incoherent test movie, the other agent took the last object. Infants' looking time at the screen was measured from the moment one of the agents took the last object, up to the point the infants looked away for >2 s, or after 40 s elapsed since the beginning of the measurement.
In all studies, there were two familiarization trials and two test trials per subject, presented in the following order: Familiarization-Test-Familiarization-Test. Each child was presented with a coherent sequence (a familiarization followed by a coherent test), and with an incoherent sequence (a familiarization followed by an incoherent test) with the order of presentation counterbalanced across participants. Two different sets of geometrical shapes (representing agents) and backgrounds were used, one for each of the sequences. The association between one set of agent/background and the coherence of the sequence was counterbalanced across infants. For each sequence, whether the dominant agent was on the left or on the right side of the screen was also counterbalanced across participants.
Coding and Data Analysis. The same coding and data analysis procedure was used in studies 1, 2, 3, and 4. Inclusion criteria and details about coding are given in SI Materials and Methods. All statistical tests used in this paper were two-tailed. Preliminary analyses indicated that data departed from normality in the coherent and incoherent conditions of study 1 for 12-mo-olds (respectively, W = 0.75, P < 0.01 and W = 0.86, P < 0.05, Shapiro-Wilks tests). Subsequently, parametric statistics were performed throughout all of the studies on log-transformed data to better approximate a normal distribution. For ease of reading, the means before log-transformation (in seconds) are reported on Fig. 1 . The means for the log-transformed data are reported in Table S1 . For the effects of main interest, nonparametric statistics are also reported.
